The interaction between opioid and pros tanoid mechanisms in the control of cerebral hemody namics was investigated in the conscious hypotensive piglet. Radiomicrospheres were used to determine re gional cerebral blood flow (rCBF) in piglets pretreated with the opioid receptor antagonist, naloxone, or its ve hicle, saline, during normotension, hypotension, and af ter the administration of indomethacin, a cyclooxygenase inhibitor, during hypotension. Hemorrhage (30 mUkg) de creased systemic arterial pressure from 68 ± 12 to 40 ± 10 mm Hg but did not decrease blood flow to any brain region. Indomethacin treatment (5 mg/kg) of hypotensive piglets decreased blood flow to all brain regions within 20 min; this decrease in CBF resulted from increases in ce rebral vascular resistance of 65 and 281 % at 20 and 40 min after treatment, respectively. In hypotensive piglets, ce rebral oxygen consumption was reduced from 2.62 ± 0. 71
Summary:
The interaction between opioid and pros tanoid mechanisms in the control of cerebral hemody namics was investigated in the conscious hypotensive piglet. Radiomicrospheres were used to determine re gional cerebral blood flow (rCBF) in piglets pretreated with the opioid receptor antagonist, naloxone, or its ve hicle, saline, during normotension, hypotension, and af ter the administration of indomethacin, a cyclooxygenase inhibitor, during hypotension. Hemorrhage (30 mUkg) de creased systemic arterial pressure from 68 ± 12 to 40 ± 10 mm Hg but did not decrease blood flow to any brain region. Indomethacin treatment (5 mg/kg) of hypotensive piglets decreased blood flow to all brain regions within 20 min; this decrease in CBF resulted from increases in ce rebral vascular resistance of 65 and 281 % at 20 and 40 min after treatment, respectively. In hypotensive piglets, ce rebral oxygen consumption was reduced from 2.62 ± 0. 71
Opioid peptides were discovered in the brain in 1975 (Hughes et aI. , 1975) and recent observations indicate that these peptides could contribute to the regulation of cerebral hemodynamics. Opiate recep tor binding has been demonstrated on cerebral mi crovessels (Peroutka et aI. , 1980) and enkephalin immunoreactivity has been shown in large cerebral arteries of the pig (Thureson-Klein et aI. , 1989) . Opioids have been detected in the CSF (Nyberg and Terenius, 1982) , and CSF opioid concentrations are in the vasoactive range under control conditions in the newborn pig (Armstead et aI., 1990b; 1991) . Moreover, topical methionine and leucine enkeph-to 0.53 ± 0. 27 ml 100 g-I min-I and to 0.11 ± 0.04 ml 100 g -1 min -1 at 20 and 40 min following indomethacin, re spectively. Treatment with naloxone (1 mg/kg) had no effect on rCBF, calculated cerebral vascular resistance, or cerebral oxygen consumption of normotensive or hy potensive piglets. However, decreases in CBF and oxy gen consumption and increases in cerebral vascular resis tance upon treatment of hypotensive piglets with indo methacin were attenuated in animals pretreated with naloxone. These data indicate that the removal of pros tanoid modulation of an opioid-mediated constrictor in fluence on the cerebral circulation is a potential mecha nism for the increase in cerebral vascular resistance that follows indomethacin treatment of hypotensive piglets.
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alin produce potent pial arteriolar dilation, while [3-endorphin elicits cerebral vasoconstriction in the piglet (Armstead et aI. , 1990b; 1991) . Additionally, topical dynorphin elicits tone-dependent responses in the piglet cerebral circulation (dilation during normotension, constriction during hypotension when cerebrovascular tone is reduced) (Armstead et aI. , 1991) .
Opioids may contribute to the regulation of cere bral hemodynamics by interactions with other va soactive systems. This idea is supported by the re sults of several studies showing that opioids are able to increase prostanoid production in brain ho mogenate (Collier et aI., 1974; Scoto et aI., 1979) . Using cyclooxygenase inhibitors as probes, it has been observed that prostanoids mediate methionine enkephalin-induced depressor responses in the cat (Curtis and Lefer, 1983) . Additionally, prostanoids modulate opioid cerebrovascular responses in the piglet since the constrictor potential for dynorphin during hypotension and [3-endorphin-induced con-striction are both potentiated by indomethacin (Armstead et aI. , 1990c) .
In newborns, prostanoids appear to have a role in the maintenance of CBF following hemorrhage since indomethacin produces a dramatic decrease in cerebral blood flow due to an increase in cerebro vascular resistance (Leffler et aI. , 1986a) . One mechanism by which prostanoids could aid in the maintenance of CBF during hypotension is by in hibiting the vasoconstrictor effects of other sys tems. For example, dilator prostanoids attenuate norepinephrine-induced pial arteriolar constriction . However, a-adrenergic con striction does not appear to be involved in in domethacin-induced cerebral vasoconstriction in hypotensive piglets (Armstead et aI. , 1988) . Since CSF opioid levels increase after hemorrhage (Elam et aI., 1984; Armstead et aI., 1990b; 1991) , opioids could be another potential candidate.
The present study was undertaken to address the hypothesis that unopposed opioid vasoconstriction contributes to the increased cerebrovascular resis tance that follows indomethacin treatment of hy potensive piglets. Specifically, the cerebral hemo dynamic effects of pretreatment with the opioid re ceptor antagonist, naloxone, was assessed both before and during hemorrhagic hypotension and then again after cyclooxygenase blockade with in domethacin.
MATERIALS AND METHODS

Animal preparation
All surgical and experimental procedures used were re viewed and approved by the Animal Care and Use Com mittee at the University of Tennessee, Memphis. New born pigs (1.4-2.7 kg) were instrumented aseptically be fore 36 h of age.
Piglets were anesthetized with a mixture of halothane (induction with 2%, maintained with 0.8-1.5% as re quired), nitrous oxide (80%), and oxygen (balance). Poly urethane catheters were placed in the descending aorta (via an umbilical artery) for blood sampling and reference withdrawal in microsphere experiments and in the left ventricle (via the right carotid artery) for microsphere injections. The left ventricular catheter was placed via the carotid artery because ligation of femoral or brachial ar teries in piglets results in total dysfunction of the depen dent limb, partially crippling the animal. In piglets, liga tion of one carotid artery has no detectable effect on ce rebral blood flow under normotensive (Laptook et aI., 1983; Letner et aI., 1985) or hypotensive conditions. In the present series of experiments, the total brain blood flow was 65 ± 4 ml 100 g-I min -I and the right to left cerebral blood flow ratio was 1.03 ± 0.04 under resting conditions; these values were unchanged by hypotension (59 ± 7 ml 100 g-I min-I and 1.01 ± 0.03, respectively).
After surgery, the piglets received penicillin G benza thine, gentamicin, and colloidal iron and were placed in cages warmed by overhead lamps. A continual supply of pig milk substitute and water was provided. Experiments were performed on the second postoperative day. On the morning of experimentation, the animals were intubated and mechanically ventilated. Previously, we found that artificial respiration was necessary because hypotensive piglets often stopped breathing after treatment with in domethacin (Letner et al., 1986a) . In the present series of experiments, constant mechanical ventilation was main tained. The Baby Bird ventilator allows spontaneous breathing.
The midline of the scalp was anesthetized with lidocaine and a 2-cm incision made to expose the cranial suture. A 22-gauge Angiocath (Becton Dickinson, Sandy, UT, U.S.A.) was used to cannulate the sagittal sinus through the sagittal skull suture for collection of cerebral venous blood. This Angiocath was then secured in placed with Superglue (Lactite Corp., Cleveland, OH, U.S.A.). The piglet was allowed to rest for approximately 30 min.
Five radioactive microsphere determinations of CBF and cardiac output were made, and blood samples were drawn from the aorta and sagittal sinus for determination of oxygen content. Piglets were divided into two groups: the vehicle (saline) group (n = 7) received 5 ml of saline, and the naloxone group (n = 7) received 1 mg/kg of (-)naloxone (Sigma Chemical Co., St. Louis, MO, U.S.A.) dissolved in 5 ml of saline after the initial control microsphere determination of cerebral blood flow. Twenty minutes after naloxone or vehicle injection, a sec ond microsphere injection was made to determine the ef fects of naloxone on cerebral hemodynamics. Previously, we showed that naloxone crosses the blood-brain barrier sufficiently to block pial arteriolar responses to topically administered methionine enkephalin, leucine enkephalin, dynorphin, and l3-endorphin (Armstead et aI., 1991) . Con firmation of adequate duration of blockade in this series of experiments was accomplished by noting the effects of intra-arterially administered methionine enkephalin (100 f.Lg/kg, Sigma) on systemic arterial pressure before and after naloxone and at the end of the experiment.
Hypotension was produced by withdrawing 30 ml of blood/kg. Pressure stabilized approximately 10 mm Hg above the nadir 2-5 min after blood withdrawal was stopped. Ten minutes after the end of blood withdrawal (20 min after beginning hemorrhage), a third microsphere injection and sample collection were made. Indomethacin trihydrate (Merck Sharp & Dohme, West Point, PA, U.S.A.) (5 mg/kg) was administered to both groups, and further microsphere blood flow determinations and blood samplings were made 20 and 40 min later. Previously, we showed that the indomethacin vehicle (saline) had no ef fect on regional cerebral blood flow during hypotension (Letner et aI., 1986a) . Therefore, we did not repeat this vehicle control experiment in the present study.
Blood chemistry and cerebral oxygen consumption
Blood pH, P02, and Pc02 were determined using an Instrumentation Laboratories (Lexington, MA, U.S.A.) blood gas analyzer. An American Optical Reflection (Buf falo, NY, U.S.A.) oximeter (corrected to newborn pig blood) was used to determine percent saturation of the hemoglobin in arterial and sagittal sinus blood. Blood he moglobin was determined using a Hemoglobinometer. The oxygen capacity of the hemoglobin was assumed to be 1.39 ml of 02/g of hemoglobin. Blood oxygen con tent (Co) was then calculated as Co = (g of hemo globin/ml x 1.39 ml of 02/g of h� moglobin x % saturation of hemoglobin with 02) + dissolved 02' Cere bral metabolic rate for oxygen was calculated as (arterial Co ,venous Co , ) x CBF.
Radioactive microsphere determination of cerebral blood flow
A known amount of radioactivity in 15-f.Lm micro spheres (300,000-800,000 microspheres) was injected into the left ventricle and the injection line flushed with 1 ml of saline. Withdrawal of a reference blood sample began 15 s before microsphere injection and continued for 2 min after the injection. After the experiment, organs were re moved for determination of radioactivity. Cardiac output was calculated as cardiac output = (reference withdrawal rate) x (counts injected) x (counts in reference with drawal) -I. Blood flow to each tissue at the time the mi crospheres were injected was calculated by using the fol lowing formula: Q = C x R x CR -I, where Q is organ blood flow (in ml min -I 100 g -I ), C is counts per 100 g of tissue, R is the rate of withdrawal of the reference blood sample (in mUmin), and CR is the total counts in the ref erence arterial blood sample. Cerebral vascular resis tance was calculated by dividing mean arterial blood pres sure by CBF. Cerebral venous pressure was treated as negligible because we measured the sagittal sinus pres sure in numerous piglets under these conditions and found it to be < 5 mm Hg. Sagittal sinus pressure was minimally affected (in fact, somewhat decreased) by hem orrhage and indomethacin.
Statistical analysis
All values are presented as means ± SD. Comparisons were made using analysis of variance and Student Newman-Keuls tests. p < 0.05 was required for compar isons to be significant.
RESULTS
Intra-arterial administration of naloxone into the descending aorta via the umbilical artery had no effect on total CBF, cerebral metabolic rate, cere bral vascular resistance, systemic arterial pressure, or cardiac output (Table 1) . Before drug treatment, the mean arterial pressures of piglets in the nalox- one and saline groups were the same (Table 2) . Con firmation of opioid receptor blockade throughout the experiment was accomplished by administering methionine enkephalin (100 f,Lg/kg, i.a.) before and immediately after naloxone administration and again at the end of the experiment. Increases in mean arterial pressure in response to methionine enkephalin administration for these three times were 38 ± 5, 3 ± 1, and 2 ± 1 mm Hg, respectively (n = 6). The effects of removal of 30 ml of blood/kg on the arterial pressure, gases, pH, and hemoglobin con centration are shown in Table 2 . Hemorrhage pro duced significant decreases in arterial pressure and hemoglobin concentration ( Table 2 ). The decrease in blood pressure caused by the hemorrhage in the naloxone-treated group was no different from the fall in blood pressure caused by the hemorrhage in the saline-treated group. Though mechanically ven tilated, the piglets hyperventilated in response to the hemorrhage, as indicated by the decrease in ar terial Peo2 and the increase in arterial Po2• Hemo globin saturation with oxygen was not affected by the hemorrhage (95 ± 1% versus 95 ± 1%). Sixty minutes after indomethacin treatment of the hy potensive piglets, arterial P02 increased and arterial Peo2 and hemoglobin concentration all decreased similarly in saline-and naloxone-treated piglets.
Systemic arterial pressure and cardiac output were reduced to the same extent by hemorrhage (Table 2) . After the administration of indomethacin, there were no differences in systemic arterial pres sure or cardiac output between these two groups at 20 min posthemorrhage. Differences between the saline-and naloxone-treated animals did develop at 40 min posthemorrhage due to the fact that the sa line-treated animals underwent a dramatic decline in hemodynamic stability (Table 2) .
Before treatment with indomethacin, hemorrhage of 30 mllkg did not decrease blood flow to any brain region in saline-or naloxone-treated piglets (Fig. 1,  panels A and B ). There were no significant differ ences in regional CBF, systemic arterial pressure, or cardiac output between the piglets in the two groups during the control period or after hemor rhage before treatment with indomethacin (Table 2 and Fig. 1, panels A and B) .
Indomethacin treatment of hypotensive saline treated piglets elicited a decrease in blood flow of � 50% to all brain regions within 20 min (Fig. 1,  panel A) . These decreases were potentiated 20 min later. In hypotensive pigs pretreated with naloxone, indomethacin produced much more modest de creases in regional CBF; values were not signifi cantly different from control values 20 min post- hemorrhage (Fig. 1, panel B) . After indomethacin treatment, cerebral blood flow was greater in nal oxone-treated pigs than in those treated with saline ( Fig. 1, panel B) .
Cerebral vascular resistance declined similarly in response to hypotension in both the saline-and nal oxone-treated piglets (Fig. 2) . Following treatment with indomethacin, the cerebral vascular resistance increased in both saline-and naloxone-treated pig lets 20 min posthemorrhage (Fig. 2) , but the in crease in cerebral vascular resistance was substan tially larger in saline-compared to naloxone-treated animals. Moreover, at 40 min posthemorrhage, there was a marked increase in cerebral vascular resistance for saline-treated piglets, whereas cere bral vascular resistance did not increase in nalox one-treated piglets (Fig. 2) .
Since the pH of saline-treated animals decreased much more than the pH of naloxone-treated animals (Table 2) , the resulting metabolic acidosis was a confounding variable between these two groups of animals. In order to eliminate this variable, the CBF and cerebral vascular resistance values from the most alkaline saline-treated and the most acidic nal oxone-treated animals were compared. In these two subsets of animals, the pH decreased to approxi mately the same extent following indomethacin treatment of hypotensive piglets (7.49 ± 0.06 versus 7.46 ± 0.01 and 7.13 ± 0.02 versus 7.21 ± 0.01 for pH in saline-and naloxone-treated animals under control conditions and 40 min after indomethacin treatment during hypotension, respectively). Differ- ences between saline-and naloxone-treated piglets in CBF and cerebral vascular resistance described above were also observed in these subsets with sim ilar plasma pH status. The values for CBF were 71 ± 10 versus 62 ± 9 ml 100 g-I min-I and 11 ± 7 versus 44 ± 13 ml lOO g-I min -I for saline-and naloxone-treated animals during control conditions and 40 min after indomethacin treatment during hy potension, respectively. Similar differences be tween saline-and naloxone-treated animals were observed for cerebrovascular resistance. Hypotension did not affect the cerebral metabolic rate for oxygen in either saline-or naloxone-treated piglets (Fig. 3) . Indomethacin treatment of hypo ten sive piglets pretreated with saline caused a marked decline in cerebral oxygen consumption. Decreases in cerebral oxygen consumption were much smaller in naloxone-treated piglets (Fig. 3) .
DISCUSSION
Results of the present study show that inhibition of prostanoid synthesis does not produce marked cerebral vasoconstriction in hypotensive piglets when opioid receptors are blocked. Thus, naloxone attenuates the fall in CBF and cerebral metabolic rate associated with indomethacin treatment of hy potensive piglets.
Opioids could contribute to the regulation of ce rebral hemodynamics. Opioid receptor binding has been demonstrated on cerebral microvessels (Per outka et al., 1980) , and enkephalin immunoreactiv- through the use of immunohistochemical proce dures (Hokfelt et aI., 1977; Hughes et aI., 1977) . Opioids have been detected in CSF (Nyberg and Terenius, 1982) , and hemorrhagic hypotension has SALINE OR NALOXONE been observed to increase leucine enkephalin-like immunoreactivity in the CSF of the cat (Elam et aI., 1984) . Additionally, it has been observed that opi oids are present in piglet CSF and that opioid con centrations increase under conditions that alter ce rebrovascular resistance, such as hypotension (Armstead et aI., 1990b; 1991) . When opioid con centrations were quantitatively assessed by radio immunoassay, piglet periarachnoid cortical CSF values for methionine enkephalin and dynorphin were found to be in the vasoactive range and to increase during hypotension (Armstead et aI., 1990b; 1991) . Topical methionine and leucine en kephalin and dynorphin elicited pial arteriolar dila tion, whereas l3-endorphin produced pial arteriolar constriction in the newborn pig (Armstead et aI., 1990b; 1991) . Hypotension can influence the nature of vascular responses to opioids in the piglet. For example, hy potension blunts methionine and leucine enkepha lin-induced pial arteriolar dilation (Armstead et aI., 1991) . In contrast, dynorphin-induced cerebrovas cular dilation is reversed to constriction during hy potension (Armstead et aI., 1991) . Since cerebro vascular tone is decreased during hypotension, re sponses to dynorphin are tone dependent in the piglet (Armstead et aI., 1991) .
Opioids may contribute to the regulation of cere bral hemodynamics by interactions with the pros tanoid system. This idea is supported by the results of several studies showing that morphine and me thionine enkephalin are able to increase prostanoid production in brain homogenate (Collier et aI., 1974; Scoto et aI., 1979) . In the piglet, responses to topical methionine enkephalin, leucine enkephalin, dynorphin, and l3-endorphin are associated with in creased periarachnoid cortical CSF values for 6-keto-PGF1a, PGE2, PGF2a, and thromboxane B2 (TXB2) (Armstead et aI., 1990c) . Further support for the role of prostanoids and/or related com pounds in the mediation of opioid vascular re sponses lies in the fact that indomethacin blocked methionine and leucine enkephalin-induced pial arteriolar dilation and potentiated l3-endorphin induced constriction (Armstead et aI., 1990c) . Moreover, the constrictor potential for dynorphin during hypotension is potentiated by indomethacin (Armstead et aI., 1990c) . Therefore, unopposed l3-endorphin-induced constriction could contribute to indomethacin-induced cerebral vasoconstriction under hypotensive conditions. Additionally, since dilator responses to topical dynorphin are reversed to constrictor responses during hypotension and these constrictor responses are potentiated by in domethacin, dynorphin-induced constriction may further contribute to the cerebral vasoconstriction associated with indomethacin treatment during hy potension. Previous studies have been designed to address the hypothesis that unopposed sympathetic or va sopressinergic activation could participate in in domethacin-induced cerebral vasoconstriction. In one study, animals were pretreated with selective U1-and u2-adrenoceptor antagonists, prazosin and yohimbine, respectively. We found, however, that indomethacin-induced cerebral vasoconstriction in hypotensive piglets does not result from removal of inhibition of sympathetic nerve stimulation (Arm stead et aI., 1988) . In contrast, results of a second study showed that unopposed activation of vaso pressinergic receptors could contribute to indo methacin-induced cerebral vasoconstriction during hypotension (Armstead et aI., 1990a) . In that study, pretreatment with the V I receptor antagonist [1-I3-mercapto-I3,I3-cyclopentamethylenepropionic acid-2-( O-methyl)tyrosine arginine vasopressin] (MEA VP) attenuated the indomethacin-induced fall in CBF and metabolic rate and increased cerebral vascular resistance in hypotensive piglets (Arm stead et al., 1990a) .
It is possible that several constrictors contribute to indomethacin-induced cerebral vasoconstriction during hypotension. The fact that both naloxone and the V I receptor antagonist MEA VP similarly attenuate indomethacin-induced cerebral vasocon striction during hypotension supports this view (Armstead et al., 1990a) . Also, vasopressin in creases the plasma l3-endorphin concentration in the rat (Sun et al., 1989) . Since the vasopressin con centration has been observed to increase during hy potension in piglet plasma and canine CSF (Vorherr et al., 1968) , a physiologic summation of vascular actions could occur.
A dramatic decline in hemodynamic stability was observed in indomethacin-treated hypotensive pig lets that were not pretreated with either naloxone or MEAVP (Armstead et al., 1990a) . The inability to maintain medullary function was reflected in the ex tremely low cardiac output of the vehicle-treated animals. In contrast, there was no decline in cardiac output following indomethacin in animals pre treated with naloxone. The observed visual differ ence between the unconscious vehicle-treated ani mals and the conscious naloxone-treated animals was dramatic.
Hypotensive piglets not treated with naloxone exhibited a marked metabolic acidosis after indo methacin compared to animals that received nalox one. This decrease in pH is a confounding variable when comparing these two groups. However, it was observed that in a subset of animals in which pH decreased to a similar extent in both groups, indo methacin produced cerebrovascular constriction in saline-treated animals and naloxone attenuated in domethacin-induced constriction similar to animals where pH decreased more in saline-compared to naloxone-treated animals. We speculate that the de cline in pH relates to the decrease in cardiac output that occurs as medullary cardiovascular control is lost due to inadequate medullary blood flow in pig lets not given naloxone, causing generalized tissue hypoxia. The sustained higher cardiac output would allow naloxone-treated animals to have better pe ripheral tissue perfusion during hypotension com pared to saline-treated animals. Blood flow to other organs in general was higher in naloxone-treated piglets (data not shown). Although the systemic pH decreased, the effect on CSF pH was not measured. Wagerle and Mishra (1988) have observed that a decrease in CSF pH to 6.84, which would have a greater affect than metabolic acidosis, increased the J Cereb Blood Flow Metab, Vol. 11, No.3, 1991 pial arteriolar diameter by 11%, and this dilation was blocked by indomethacin. Thus, the acidosis would produce dilation, not constriction, but would probably have no effect on cerebral vascular resis tance in the indomethacin-treated piglet. In the present study, hemorrhagic hypotension produced a respiratory alkalosis. While it has been observed that such decreases in peo2 decrease CBF, it has also been observed that hypocapnic vasoconstric tion is blocked by indomethacin (DeGiulio et al., 1989) . Furthermore, since the subsets with similar pH behaved the same as the entire group with very different pH, it appears that arterial pH does not contribute to the differences between saline-and naloxone-treated piglets.
Results of the present study confirm previous ob servations on the role of the prostanoid system in the maintenance of CBF during control conditions and during hemorrhagic hypotension (Leffler et al., 1986a,b; Leffler and Busija, 1987a; Armstead et al., 1988 Armstead et al., , 1990a . Since there is a corresponding de crease in cerebral vascular resistance, CBF is un changed by hemorrhage, thereby maintaining cere bral oxygen consumption. An increased cerebral prostanoid production has been shown to accom pany this decline in cerebral vascular resistance (Leffler and Busija, 1987b) . Treatment of hemor rhagic hypotensive piglets with indomethacin blocks the ability of the piglets to maintain cerebral blood flow, resulting in a precipitous decline in ce rebral oxygen consumption sufficient to produce coma in 80% of these pigs (Leffler et al., 1986a) . Since the dose of indomethacin used in this study has been previously shown to reduce cortical peri arachnoid fluid prostanoid concentrations to nonde tectable levels and inhibit the conversion of exoge nous arachidonic acid to prostanoids by greater than 90% (Leffler and Busija, 1985a,b) , these data indicate that indomethacin is a cyclooxygenase in hibitor that crosses the blood-brain barrier in suffi cient quantity to inhibit synthesis of prostanoids in the brain. Interpretation of experiments using other cyclooxygenase inhibitors has proven to be difficult since meclofenamate did not cross the blood-brain barrier sufficiently, and ibuprofen paradoxically produced cerebral and coronary vasodilation (Lef fler and Busija, 1987a) . More recently, however, aspirin (50 mg/kg, i. v.) has been observed to de crease CSF prostanoid concentration to nondetect able levels and inhibits prostanoid-dependent mech anisms similarly to indomethacin (Armstead et al., 1989) .
Results of the present study extend previous ob servations by demonstrating that unopposed opioid mediated vasoconstriction could contribute to in-domethacin-induced cerebral vasoconstriction dur ing hypotension. Opioids do not appear to influence the piglet cerebral circulation under normotensive conditions because naloxone had minimal effects on CBF, cerebral metabolic rate, and cerebral vascular resistance. The dose of naloxone used in the present study has been shown to cross the blood brain barrier sufficiently to inhibit vascular changes caused by opioids topically applied to the brain of the newborn pig (Armstead et aI., 1990c) . This dose of naloxone appears to be selective for opioid re ceptor inhibition since responses to topical norepi nephrine, isoproterenol, and U46619, a TXA2 mi metic, were unchanged by naloxone (Armstead et aI., 1990c) . Confirmation that the opioid receptor blockade lasted until the end of the present study was accomplished by noting that pressor responses to systemically administered methionine enkephalin were blocked after naloxone.
In conclusion, naloxone blocked the fall in CBF and cerebral metabolic rate for oxygen observed after indomethacin treatment of hypotensive pig lets. Therefore, unopposed activation of opioid re ceptors could contribute to indomethacin-induced cerebral vasoconstriction during hypotension.
